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PROBLEMS OF THE ATMOSPHERE. 
By Pruf. Jln11.z D h \ \  \E.  

I n  the Proceedings of the Royal Institution of Cheat Britain, 
vol. 17, part 1, No. 96, November, 1903, p. 233, Prof. .Jmies 
Dewar, after describing his method for removing the more con- 
densable constituents of the ntniosphere and his process of 
analyzing the resulting mixture of rare gases, continues as 
follows : 

These experiruents prove that  air' contains as a minimuin 
1 /362,000 of its volume of helium, nbout 1 / 70,000 of neon, and 
not more than l / l O O , W ) ( )  of free Iiyclrogeii. * -K * 

The spectroscopic examination of these gases throws new 
light upon the question of the aurora am1 the nature of  tlie 
upper air. On passing electric discharges through tubes cnn- 
taining tlie most volatile of tlie atmospheric gases, they glow 
with a bright orange light, which is especially marked a t  the 
negative pole. The spectroscope shows that this light con- 
sists, in the visible part of the spectrum, chiefly of a succession 
of strong rays in the red, orange, ancl yellow, attributed to 
hydrogen, helium, ancl neon. Besides these a vast nunilier of 
rays, generally less brilliant, are clistrilmted through the whole 
length of the visible spectruin. The greater part of these rays 
are as yet of unknown origin. The violet ani1 ultra-violet 
part of the spectrum rivals in strength that of the red aucl 
yellow rays. As thebe gases probably include some of tlie 
gases that pervade interplanetary space, search was made for 
the prominent nebular, coronal, ancl auroral lines. 

No definite lines agreeing with the n e l d n r  spectrum couI(1 
be found, but  many line& occurred closely coiiiciclent with the 
coronal ancl auroral spectrum. But before discussing the spec- 
troscopic problem. it mill be necessary to consider the nature 
and condition of the upper air. 

According to tlie old law of Dalton, supported by the inoilern 
dynamical theory of gases, each constituent of the atmosphere 
while acted upon by the force of gravity forms a separate at- 
mosphere, completely independent, except as to temperature, 
of the others, and the relations between the commor~ tempera- 
ture and the pressure aiicl altitude for each specific atmos- 
phere can be definitely expressed. 

If we assume the altitude and temperature known, then the 
pressure can be ascertained for the same height in the case of 

We ought rather to m y  tlie air of Lcmrlun.-ED. 

each of the gaseous constituents, and in this way the percent- 
age composition of the atmosphere a t  that  place may be 
deduced. 

Suppose we start  with a surface atmosphere having the com- 
position of our air, only containing 2/10,000 of hydrogen; 
then, at  37 miles, i f  a sample could be procured for analysis, 
we believe that i t  would be found to contain 12 per cent of 
hydrogen, and only 10 per cent of oxygen. The carbonic acid 
practically disappears; and by the time we reach 47 miles, 
wliere the temperature is minus 132*, assuming a gradient of 
3.2* per mile, tlie nitrogen and osygen have so thinned out that 
the only constituent of the upper air which is left is hydrogen. 
If the gradient of temperature were doubleil the elimination 
of the nitrogen ancl oxygen would take place by the time 37 
miles was reached, \\ it11 a tempernture of minus 220". 

The theoretical distribution of the chief coiuponents of our 
atmosphere. on the assuniption of steady equilibrium, is graphi- 
cally represented in figs. 1 and 2.  I n  these diagrams nitrogen 
is represented l y  the horizontal hachure, oxygen By the di- ' 
agoiial hachure, h j  clrogen bj- tlie stippling, argon by the blank 
white space, and cnrboiiic acid by l~lack. A horizontal line 
drawn across the diagram a t  any lieiglit iuarked in kilometers 
(0 .G2 mile) s h o w  the percentage by voluine of the constituents 
a t  that  elevation, b) the respective lengths witliiii the hachures 
uf the inilividiial constituents. The results of Hinrich's cal- 
culations which involve no consideration of the effects of tem- 
per:iture, are represented in fig. 1, aucl those of Ferrel, who 
asmnies a temperature gradient of 4" per kilometer through- 
out the upper air, in fig. 2. The higher the assunled tempera- 
ture gradient the lower t,he elevation a t  which tlie nitrogen 
ancl oxygen are eliminated and the true liyclrogen atmosphere 
begins. The elevations iiiarkecl A.  E,  C. I), in fig. 2, refer to 
tlie respective gradients of 4", Yo, 2", and l", per kilometer, 
ni ic l  mark the end of the nitrogen and the beginning of  the true 
hydrogen atinosphere. Tlie position ,I corresponds t o  60 
kilometers mid a temperature of - 2 2 0 O ;  H, to 67 kilonieters 
a i d  -181' C.;  C', to 7G kilometers and -132"; ani1 I),  to 87 
kilometers aucl -G'i0.  

FIG. l.-Distribut,ion of the atmospheric gases, Hiuriuh's formula. 
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4 CARBONIC ACID = 
T 
FIG. S.--Distril.lut.it,n of the atmos1)heric gases, Ferrel’s formula. 

On any of these temperature gradient hypotheses it appears 
that practically above 56 miles the atinosphere woul~l be sub- 
stantially composed of hydrogen. If helium and neon hac1 
been included iii the calculatioiis, they would have been found 
concentrated a t  high elevation between tlie regions occnpiecl 
respectively by the hydrogen and the nitrogen in the diagrams. 
If tlie temperature is taken as constant, fig. 3 sliows that a t  an 
elevation of soine G2 iiiiles tlie compositioii of a sample of air, 
if i t  could be secured, would be 95.1 per cent of hydrogen, 4.6 
per cent of nitrogen, and 0.:3 per cent of osygen. 

Tlie permanence of the composition of the air a t  the highest 
altitudes, as deduced from the basis of the dynauiical theory 
of gases, has lieen discussed l y  Stoney, Bryan, and others.’ It  
would appear tliot there is a consensus of opinion that tlie 
rate a t  which gases like hydrogen ancl helium could escape 
from the earth’s atiiiospliere woulcl be excessively slow. Coii- 
siclering that to compensate any such loss the mine gases are 
being supplied by actions taking place in the crust of the earth, 
we may safely regard tliein as necessarily permanent constitu- 
ents of the upper air. 

The temperature a t  the elevations we have been iliscuss- 
iiig would not be suficient to cause any liquefaction of the 
nitrogen and osygen, on account of the pressure being SO low. 
If we assuiiie the mean teiuperatnre as about the boiling p i n t  
of oxygen, then a considerable amount of the carbonic acid 
must solidify as a niist, if the air froin a lower level be c o o M  
to this temperstme; and the same result niiglit take place 
with other gases of relatively sinall volatility which occur in 
the air. The temperature of the upper air must lie above that 
on the vapor-pressure curve corresponding to the barometric 
pressure a t  the locality, otherwise liquid coiideiisatioii mnst 
take place. I n  other words, the temperature uiiist be a l ~ ~ v e  
the dew-point of air nt tlint place. At very high elevations, 
011 any reasonable assiiiiiption of temperature distribution, we 
iiievitablg reach a temperature where the air would condense, 
just as Fourier and  Poisson supposeecl i t  would, unless tlie telii- 

2 See also S. R. C’ook in lIl,ntlily JVeatlrer Review for August, 1‘30‘2. pp. 
401-40’7, and SepteiiibPr, 19112, p. W ~ . - - E D .  

perature is arrested in some way from approaching the zero. 
Both ultra-violet absorption and the prevalence of electric 

storms may have something to do with the maintenance of a 
higher mean temperature thau we should anticipate, following 
the deductions of our assumed formulas for temperature decre- 
ments. The whole mass of the air above 40 miles is not more 
than 1/700 part of the total mass of the atmosphere, so that 
any rain or snow of liquid or solid nir, i f  i t  clicl occur, would 
necessarily be of a very tenuous description. I n  any caae, the 
dense gases tend to accumulate in the lower strata, and the 
lighter ones to  predominate a t  the higher altitudes, always 
assuming a steady state of equililwium has been reached. 

It must be observed, however, that a satmple of air taken 
a t  an elevation of 9 miles hay shown no difference in compo- 
sition from that a t  the ground, whereas, according to our hy- 
pothesis, the oxygen ought to  have been diminished to 17 per 
cent and the carbonic acid should also have become much less. 
This can oiily I J ~  explained by ahsuming that a large inter- 
mixture of the different layers of the atmosphere is still taking 
place a t  this elevation. This is confirmed by a study of the 
iiiotions of cloucls about six miles high, which reveals an aver- 
age velocity of the air currents of some 7 0  miles per hour; such 
violent wiiids must be the iiieniis of causing the intermingling 
of cliEerent atmospheric strata. Some clouds, however, clur- 
iiig hot icnd thundery weather, lirtve been seen to reach an 
elevation of 17  miles. SO that we have direct proof that on oc- 
casion the lower layers of atmosphere are carried to a great 
elevation. 

The existence of an atinospliere a t  more than a hundred 
miles above the surface of the earth is revealed to us  by the 
phenomenon of twilight and tlie luininosity of meteors ancl 
fireballs. When we can take pliotograplis of meteoric spectra, 
A great deal mag be learned about the composition of the upper 
air. In  the meautime Pickering’s solitary spectrum of a meteor 
reveals an atmosphere of hydrogen and Iieliuin, and so far 
this is a corroboration of the cloctrine we have been discuss- 
ing. It has long been recognized that the aurora is the result 
of electric disoharges within the limits of  the earth’s atmos- 
phere, but  i t  was dificult to unclerstand why its spectrum 
should lie so entirely different from aiiytliiiig which could be 
procluced artificially 11)- electric discharges through rarefied 
air a t  the surface of the earth. Rand C’apron, in 1879, after 
collecting all the recorded observations, was able to enumerate 
no more than nine auroral rays, of which but  one could with 
any prohbi l i ty  be ideiitifieil with rays emitted by atmospheric 
air under electric discharge. Vogel attri1)uteil this want of 
agreemelit between nature and experiment, in a vague way, to 
clifterence of temperature ani1 pressure ; aiicl Zi;llner thought 
the auroral spectruin to be one of a different order. in the sense 
in which the line ant1 band spectrum of nitrogen are said to 
lie of different orders. 

But 
siuce that time observatioils of the spectra of auroras have 
been greatly inultipliecl, chiefly through the Swedish ancl Dan- 
ish polar expeclitioiis. The spec*truiii recorded on the ultra- 
violet side lias been greatly extendecl by the m e  of photogra- 
phy, so that, in a recent discussion of results, &I. Heiiri Stassano 
is able to eiiiiiiierate upward of 100 auroral r a p ,  of which the 
wave length is  more or less approximately known. Of this 
large number of rags he is able to itlentify, within the probable 
limits of errors of observation. about two-thirds as rays which 
Professor Liveing and myself have observed to lie emitted by 
the most volat,ile gases of atmospheric air nnliyuefial~le a t  the 
temperature of licliiicl hydrogen. Nost of the reiiiaiiider he 
ascribes to argon. and some might, with more probability, have 
been identified with krypt,oii or seiion. 

The rosy tint often seeii in auroras, particu1arlg in the 
streamers. appears to  be due mainly to iieoii, of which the 
spectrum is remarkably rich iu red aiid orange rays. One or 

Such statements mere merely confessions of ignorance. 
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two neon rays are amongst those most frequently observed, 
while the red ray of hydrogen and one red ray of krypton have 
been noticed only once. The predominance of neon is not 
surprising. seeing that from it8 relatively greater proportion 
in air and its low density it must tend to concentrate a t  higher 
eleva tions. 

So large a number of probable identifications warrants the 
belief that we may yet 1)e able to  reproduce in our laboratories 
the auroral spectrum in its entirety. It is true that  we have 
still to account for the appearance of some and the absence 
of other rays of the newly discovered gases, which, in the way 
we stimulate them, appear to 1Je ecliially brilliant, and for the 
absence, with one doubtful exception, of all the rays of nitro- 
gen. If we can not give tlie reason of this i t  is because we do 
not know the mechanism of luminescence, nor even when the 
particles that carry the electricity are themselves luminous, or 
whether they only produce stresses causing other particles 
which encounter them to vibrate; yet we are certain that  an 
electric discharge in a highly rarefied inistiire of gases lights 
one element and not another in a wily which, to our ignorance. 
seems capricious. 

The Swedish North Polar Expedition concluded from a gre:tt 
number of trigonometrical iueasurements that the average 
above the ground of the base of the aurora was 50 kilometers 
(31 miles) at  Cape Thorsden, Spitzbergen; a t  this height tlie 
pressure of the nitrogen of the atmosphere would be only 
about one-tenth of a millimeter, and Moissirn and Deslaiiclrts 
have found that in atmospheric air a t  pressures lem than one 
millimeter the rags of nitrogen ancl oxygen fade and are re- 
placed by those of argon and 1 ~ y  fire iiem rays which stassann 
identifies with rays of the Inore volntile gases measured l y  us. 
Also, Collie and Rnmsay’s obserlations on the clihtance to 
which electrical discharges of equal potential traverse differeiit 
gases throw much light on the question. They find that, while 
for helium and neon this distance is from 260 to 300 ruilli- 
meters, for argon i t  is 454 millimeters, for hydrogen it is 39 
millimeters, and for air and oxygen still less. 

This indicates that  a good den1 clepencls on the very coiihtita- 
tion of the gases themselles, and certainly helps us to under- 
stand why neon and argon, which exist in the atmosphere in 
larger proportions than helium, krypton, or  xenon, should make 
their appearance in the spectrum of auroras almost to the es- 
clusion of nitrogen and oxygen. 

How much depends not only on the constitution and it may 
be temperature of the gases, but  also on the character of the 
electric discharge, is evicleiit from the clifferelice between the 
spectra a t  the cathode and anode in different gases, notably 
in nitrogen and argon, a i d  not less reinarkably in tlie more 
volatile compounds of the atmosphere. 

Without stopping to discuss that question. i t  is certain thatt 
changes in the chnrncter of the electric discharge prodluce 
definite changes in the spectra excited by them. It has 1mg 
been known that in many spectra t,he rays which are incon- 
spicuous with an unconclensed electric discharge become 
very pronoiinced when a Leyden jar is in the circnit. This 
used to be ascribed to a higher temperature in this condensed 
spark, though mens i~re~ne~i t s  of that teiiiperature have not Iwrne 
out the explanstion. Schuster and Heiusalech have slion 11 
that these cliauges of spectra are in part due to the owillatury 
character of the condenser discharge, which may be enhniicetl 
by self-incliiction, ancl the correspoiicling change o f  spectrmi 
thereby made more pronounced. 

If we turn to the question what is tlie cause of the electric 
discharges wliich are generally believed to  occasion aiiroras:. 
but of which little more lias liitlierto been known than that 
they are connected with sun spots and solar eruption\, recent 
studies of electric discharges in high vacua, with which the 

This conclu6ion wab aftrrwmtls shown to have 11c) 1 u g i c d  brZ+is. See 
Terrestrial Magnetism. 1898. V d .  111, 131). 15’3-154 and 164-lW.-E1~. 

~ _ _ _ _ _ ~ ~ _ _  - 

names of Crookes, Rontgen, Lennril, and J. J. Thomson will 
always be associated, have opened the way for Arrhenius to 
suggest a definite and rational answer. He points out that 
the frequent disturbances which we know to occur in the sun 
must cause electrical discharges in tlie sun’s atmosphere far 
exceeding any that occur in that of the earth. These will be 
attended with an ionisation of the gases, and the negative ions 
will stream away through the outer atmosphere of the sun 
into interplanetary space. becoming, as Wilson lins shown, 
nuclei of aggregation of condensable vapors and cosmic dust. 
The liquid and solid particles thus formed will be of various 
sizes; the larger mill gravitate back to the sun, while those 
with tliameters less t,han one am1 a half thousandths of a mil- 
limeter, bu t  nevertlielebs grenter than a wave length of light, 
will in accorclance with Clerk-RIaswell’s electromagnetic 
theory, be driven awny from the sun by the incidence of the 
solar rays upon tlieni, with velocities that iiiay Lecorne enor- 
mous, uiitil they meet ot,lier celestial bodies, or increase their 
cliiueiisions by l’icliing up more cosmic dutit, or diminish them 
liy einporativn. The earth Dill catch its share of such parti- 
cles on the side that is turnecl toward the sun, and its upper 
ntmosphere n ill thereby lbecoine negatively electrified until 
the potential of the cliarge reaches sucli a p i n t  that  a clis- 
charge occurs, TI hich will be repeated ns more charged parti- 
cles reach tlie earth. 

TORNADO AT MOUNDVILLE, ALA. 
T:) I‘]: i x h  P. (111 1 k k 1 - F  *I t t i o u  ljirri toi, M ~ m t g ~ ~ ~ w q ,  .iI.i, <latoel l’elbrunr) y 1911-1. 

Tlie tornado a t  Mounclville. Ala., on Jaiiunry 22, 1!)04, was 
first felt 2 miles southwest of Mounclville, Hale C’ounty, Ala., 
at  nlmut, 1 : 2 0  a. in., seventy-fifth meridian time. The previous 
evening was warm, with moderately lien\ y rains at  iiitervals, 
and the wind lJlowing in fitful, heavy gusts froin the south- 
east and south. The tornado was most tlestructive a t  lK)nnil- 
ville. a t  which l~lnce nearly every lmililing was demolished, 
sei ern1 freight carh destroyed. 36 persons killed, :mil SO injured 
out of a population of about 300. 

The path of the storm extended from muthwest to north- 
east; it wns about 5 miles in length and 200 jarcls wide at  the 
lwint of greatest destruction. It, was accoiupaiiiecl with a 
funnel-shapecl cloud, which liacl n phosphorescent glow and 
emitted 1Jlincling flashes of lightning, and from which was 
heard a loucl, rumldiiig noise. reseiiibling that caused by a 
nnmber of rapidly-moving freight trains. The tornado lasted 
but  s few iuinutes, and there seems to have been no evidence 
of its having any bounding niotion. 
d large, well-constrnctec~l railroad w-nrehouse, 40 other frame 

buildings, a large ater tank, and several freight cars were liter- 
ally torn to pieces. It is reported that some of the timbers of 
the structures destroyed were twisted and splintered, and that 
the ground d o n g  the path of the st8uriii was swept bare of 
vegetation. Bales of cotton, storecl in the warehouse nien- 
tionecl above, were torn open ani1 the cotton scattered for 
some distance. While the destructive force of the storm did 
not extend over 5 miles northeast of RIouiidville, dlilxis from 
that place is reported to have been carrietl as far as Tidewater, 
a rillage in Tuscaloosn County, nlbout 1 9  iiiiles to the northeabt. 
Effort was made to ascertain the direction of  the whirling 
motion of the storm, but  reports as to this are too conflicting 
to be of value. The storm occurrecl a t  such an hour that few 
persons saw the funnel-shaped clo tid or noted its movements. 

At Tnscaloosa, about 15 niiles north, and at  Greensl)oro, about 
24 miles south of RIoundville, there mere niuch liKlitning, mud- 
erntely heavy rains, ani1 high, Init not clestrnctive. wincls. 

At Hull, a small town about 5 niiles iiortlieast of Nouncl- 
\ i lk ,  a large lumber mill was destroyed. 

At Birmingliniii, about GO miles northeast, the wind mas also 
destructive. demolisliing 35 cnlJiiis in the northern siilmrbs of 
tlirtt city, though causing no loss of life. The highest regis- 


